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(54) On-board measurement system 

(57) An on-board measurement system includes a 
plurality of measurement modules each provided with 
internal or external transducers and a control module for 
conducting desired testing procedures. The modular log- 
ging apparatus is removably secured to a product under- 
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going a manufacturing process or the like whereby 
numerous or substantially continuous measurements 
can be made of environmental factors affecting a prod- 
uct. The control module also receives and stores meas- 
ured data for later retrieval. 
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Description 

Background of the Invention 

The present invention relates to a measuring 
method and apparatus for providing a record of environ- 
mental factors to which a product is exposed during a 
manufacturing process or the like and particularly to such 
a method and apparatus for generating substantially 
continuous data. 

Manufacturing processes are designed to operate in 
a predetermined manner wherein environmental factors, 
especially those which may be critical to the process, are 
controlled within acceptable tolerances. Depending 
upon the process, it may be desirable to control pressure, 
radiation, vibration, temperature, humidity, pH or other 
parameters to which a product is exposed. Although it is 
possible to monitor these factors with instruments posi- 
tioned at various stages in the process, the actual param- 
eters to which a manufactured product is subjected at 
other stages may be relatively unknown because of 
harsh environmental conditions or inconvenience of 
probing those areas. For example, some manufacturing 
processes involve extremes in temperature, acidity, alka- 
linity, and the like where the interposition of test leads is 
difficult or impractical. In any case, it is not generally fea- 
sible to explore multiple parameters at every stage along 
a manufacturing process even in the absence of 
extremes. Rather, the data is discontinuous, containing 
gaps, wherein data, if it were available, might have 
revealed unacceptable conditions potentially resulting in 
a flawed or even dangerous end product. 

Summary of the Invention 

In accordance with the apparatus and method of the 
present invention, an on-board measurement syste m 
compaslng^ajcontcoLnMKi^ and a plurality of measiire- 
ment m odules is attached to a movable unit or produ ct 
for l ogging data concerning en vironmental factors on a 
substantially continuous basis. Thus, rather than only 
externally probing the environment to which the product 
is exposed, substantially all environmental data is gath- 
ered or at least available xeoardless of the oat h taken by 
the product. Thus, conditions experienced by the product 
are fully measured rather than being only approximately 
known, whereby the process can be controlled in an 
improved manner. . 

Separate modules are adapted to measure separate 
parameters such as temperature, humidity, radiation, 
vibration, voltage or the like and are suitably positioned 
in line for communication with a common control module 
having microprocessor means for programming a meas- 
urement sequence and including memory means for col- 
lecting data from the measurement modules. The 
modules are sealingly enclosed, being formed of an envi- 
ronment impervious material, and are suitably coupled 
together via optical links. An additional optical trans- 
ceiver is utilized for coupling an external command com- 
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puter to the control module for initially programming the 
system, e.g. for taking specified measurements at given 
time intervals, and for receiving stored data for analysis 
and display. Information from the control module can be 

5 downloaded while the control module is still attached to 
the product. Alternatively, the control module can be 
removed from the measurement modules and replaced, 
after which the removed control module is read out. 
It is accordingly an object of the present invention to 

10 provide an improved process measuring method and 
system. 

It is another object of the present invention to provide 
a rugged measurement system which is attachable to a 
movable unit in a process environment in order to log the 

is environmental parameters experienced by such unit. 

It is a further object of the present invention to pro- 
vide an improved apparatus and method for substantially 
continuously logging parameters to which a movable 
product or the like is subjected; 

20 The subject matter of the present invention is partic- 
ularly pointed out and distinctly claimed in the concluding 
portion of this specification. However, both the organiza- 
tion and method of operation, together with further 
advantages and objects thereof, may best be understood 

25 by reference to the following description taken in connec- 
tion with accompanying drawings wherein like reference 
characters refer to like elements. 

Brief Description of the Drawings 

30 

FIG. 1 is a perspective view of apparatus according 
to the present invention for logging parameters to 
which a movable unit in a process environment is 
subjected; 

35 FIG. 2 is a block diagram of the measurement sys- 
tem according to the present invention; 
FIG. 3 is a perspective view of a typical production 
line wherein one of the products is provided with 
measurement apparatus according to the present 

40 invention; 

FIG. 4 is a schematic representation, partially in 
block diagram form, of measurement apparatus 
according to the present invention including a con- 
trol module and one or more measurement modules 

45 adapted for joinder in an in-line configuration; and 
FIG. 5 is a partially broken-away view of apparatus 
according to the present invention wherein a control 
module is engaged by a transceiver plug connected 
for electronic communication with a command com- 

so puter. 

De tailed D escrip ti o n 

Referring to the drawings and particularly to FIG. 1 , 
55 illustrating an on-board logging apparatus according to 
the present invention, such apparatus includes a control 
module 12 and plural measurement modules 14, 16 and 
18 disposed in an in-line configuration. The modules are 
desirably formed of environment impervious material 
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which suitably comprises glass or ceramic, or a plastic 
capable of withstanding high temperatures. Alternatively, 
in some environments a metal construction is suitable, 
but obviously the material depends upon the particular 
circumstances with the end in view being a rugged con- 
struction capable of withstanding harsh conditions. Each 
of the modules is provided with a lower, flat base portion 
20 adapting the same for attachment to a unit or product 
via fastener holes 22 disposed proximate lateral edges 
of the base portion. Base portion 20 for measurement 
modules 14, 16 and 18 is secured through the underside 
thereof by fastener means (not shown) to the module 
sections 24, 26 and 28 thereabove. but control module 
upper section 30 is suitably provided with side ears 32 
receiving fasteners 34 adapted for holding upper portion 
30 to lower base portion 20*. By disengagement of fas- 
teners 34, control module 12 is easily disengaged and 
removed from the product being manufactured or proc- 
essed, as well as from the adjoining measurement mod- 
ule 14. 

Referring to FIG. 2, comprising a block diagram of 
the measurement system according to the present 
invention, control module 12 is used for directing opera- 
tion of measurement modules 14 and 16 by way of inter- 
module bus connections 36 and 38 which may include 
conventional plug and socket arrangements for commu- 
nicating digital data and control signals between the 
modules. In addition, the control module 12 is selectably 
connected to an external command computer 40 via con- 
trol and data bus 42 for the purpose of initially program- 
ming the control module as well as receiving data 
therefrom. Command computer 40 is supplied with a dis- 
play unit 44, suitably of the cathode ray tube or LCD vari- 
ety, and a manually operated keyboard 46. While 
connections 36, 38 and 42 are suitably buses with con- 
ventional plug and socket means for interconnecting 
modules, optical means as hereinafter more fully 
described are preferred in order to render the measure- 
ment system comprising elements 12, 14 and 16 more 
impervious to the immediate environment. 

Command computer 40 and means 44 and 46 are 
not physically part of the measurement apparatus 
attached to the product under test, but rather the com- 
mand computer is connected to control module 12 only 
periodically for programming the logging apparatus, and 
receiving data therefrom. For instance, keyboard 46 may 
be employed in conjunction with computer 40 and display 
unit 44 for designing a testing regime and developing a 
measuring program which is then downloaded to control 
module 1 2. The command computer is disconnected and 
subsequently, after the on-board measuring apparatus 
comprising modules 12, 14 and 16 has passed through 
an entire process sequence, command computer 40 is 
re-connected to module 12 for receiving measurement 
data stored therein. The measurement data is suitably 
portrayed on display means 44. 

Referring to FIG. 3, an on-board measurement 
apparatus 10 according to the present invention is illus- 
trated as fastened to the side of one of a series of small 



refrigerators 48 passing along a conveyor 50. Apparatus 
1 0 includes a control module 1 2 and a plurality measure- 
ment modules disposed in-line therewith. One of the 
measurement modules is provided with a test lead or 

5 cable 52 which is connected, by means not shown, to a 
voltage within the refrigerator, or alternatively, to a refrig- 
erant temperature measuring sensor. Other of the meas- 
urement modules are suitably employed to measure 
ambient temperature, vibration, or the like. 

10 The refrigerator is suitably supplied on the side or 
the back thereof with threaded sockets for receiving fas- 
teners securing a measurement apparatus 1 0 to the side 
or back of the refrigerator. Alternatively, the base 20 may 
be magnetized for temporary attachment to the refriger- 

is ator. After the measurement apparatus 10 has been 
properly programmed, e.g. as illustrated in FIG. 2 to take 
periodic tests, the measurement apparatus 1 0 is discon- 
nected from the command computer with apparatus 10 
being secured as depicted in FIG. 3 to a refrigerator 

20 before the refrigerator passes through a given sequence 
of steps in a production process. One example is a proc- 
ess for providing an exterior finish thereupon. After the 
process is complete, the apparatus 10 or module 12 is 
disengaged from refrigerator 48 and reconnected to the 

25 command computer for read out of the data gathered in 
control module 10, or alternatively the data can be read 
out with apparatus 10 left in place employing an appro- 
priate demountable optical link as hereinafter more fully 
described. 

30 Referring to FIG. 4, illustrating circuitry within the 
respective modules in block diagram form, as well as cer- 
tain physical aspects of the invention, control module 12 
includes a microprocessor 54 connected via data and 
control bus 56 with memory 58 and a plurality of interface 

35 means, INT, which couple the computer bus to fiber optic 
transmitters and receivers. Fiber optic means are then 
employed for communicating between modules. How- 
ever, other optical means suitable for transmitting infor- 
mation without an intervening fiber, or other inter- 

40 coupling means, can be substituted therefor. 

Fiber optic transmitter 60 in this embodiment, suita- 
bly comprising an infrared light emitting diode or laser 
diode, is adapted to emit light by way of a fiber optic link 
comprising fiber 62 extending coaxially within longitudi- 

45 nal end prong 64 protruding from one end of control mod- 
ule 12. Also, a fiber optic receiver 66 comprising an 
infrared sensitive photodiode is employed for communi- 
cating between computer bus 56 and fiber optic member 
68 extending coaxially within end prong 70 also disposed 

so at the end of control module 1 2 in spaced parallel relation 
to prong 64. The optical fibers desirably extend to the tip 
ends of prongs 64 and 70. 

The prongs 64 and 70 provide both physical connec- 
tion and digital communication between the modules, the 

55 prongs or plugs 64 and 70 being closely receivable within 
sockets 72 and 74 of measurement module 14, whereby, 
when the prongs are fully engaged with the sockets, the 
control module and measurement module abut one 
another in the manner illustrated in FIG. 1 while the tip 
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ends of the prongs 64 and 70 each reach the base of the 
corresponding socket. 

Measurement module 14 in the illustrated embodi- 
ment is provided with optic fibers 76 and 78 that extend 
in light receiving and transmitting relation respectively to s 
the base ends of sockets 72 and 74 in such manner as 
to align with optic fibers 68 and 62 when the modules are 
fully engaged. Fiber 76 extends longitudinally within 
module 14to splitter 80, in this caseafiber optic receiver 
that demodulates the input light information and provides to 
a corresponding electronic digital signal via interface 82 
to data and control bus 84, while also regenerating a cor- 
responding light output tof iber 86 by means of an internal 
light emitting diode. Fiber 86 proceeds coaxiaily within a 
connecting end prong 88; located at the opposite end of is 
module 14 from socket 72, for communicating with the 
next measurement module 16inline. Prong 90, disposed 
in spaced, parallel relation with prong 88. coaxiaily con- 
tains optic fiber 92 for conveying information to a splitter 
94 wherein the light signal is regenerated for presenta- 20 
tion to fiber 78, while also applying an electronic digital 
signal through interface 96 to bus 84. 

Bus 84 is connected to microcontroller 98, which 
includes internal memory, as well as to measurement 
system or circuit 100. A sensor or sensor circuit 102 is 25 
interconnected with circuit 1 00. The measurement circuit 
1 00 together with sensor 1 02 comprises a conventional 
measuring circuit and is suitably adapted to register tem- 
perature, humidity, radiation, concentration of a particu- 
lar gas, air pressure, or any one of a number of 30 
environmental parameters, but sensor 102 is physically 
isolated from the interior of module 14, i.e., within cavity 
104, except for electrical connections, so that a sub- 
stance received within cavity 104 will not be destructive 
of the internal modular circuitry. The sensor is exposed 35 
to the environmental factors to be measured via slots 1 06 
(FIG. 1). 

Bus 56 in module 1 2 is also suitably coupled via optic 
transmitter 108 and optic receiver 1 10 to fibers 112 and 
114 respectively ending in a slot 1 1 6 by means of which 40 
external communication can be provided to a transceiver 
plug as hereinafter more fully described in connection 
with FIG. 5. Also, bus 84 in module 14 may be coupled 
to optic transmitter 1 1 8 and optic receiver 1 20 which cou- 
ple respectively to fibers 1 22 and 1 24 ending at slot 1 26. 45 
Each of the units is provided with an independent power 
supply, e.g. a battery 128. sealed within the units. 

Measurement module 16 and beyond are disposed 
in aligned relation with modules 12 and 14 and receive 
and transmit information on optic fibers located within so 
successive end prongs and prong receiving sockets. The 
measurement models beyond module 14. e.g. module 
16 etc.. are suitably the same in general construction as 
module 14 but are provided with different sensors and in 
some cases with different measurement circuitry 1 00 as ss 
appropriate to provide a required measurement. Thus, a 
module 18 as depicted in FIG. 1 . rather than having inter- 
nal sensor means, is instead provided with test leads 1 30 
and 132 engageable via lead tips with respective sockets 



134 and^ 136 connecting to the measurement circuit 
within module 18. In the FIG. 1 example, leads 130 and 
132 are supplied at ends thereof with alligator clips 138 
and 140 and may be connected to an external voltage 
measuring point, an external transducer, or to a circuit 
the resistance of which is to be measured. Other trans- 
ducers are similarly connected to a measurement mod- 
ule such as measurement model 1 8 in a corresponding 
manner, but instead of employing test leads as shown, 
may, for example, utilize one or more capillary tubes 
extending into a solution for the purpose measuring the 
pH of such solution via a transducer (at 102) located 
within the measurement module. Any convenient 
number of measurement modules may be assembled. 

Referring to FIG. 5. a detachable interface means 
for removably connecting the control module 12 to the 
external command computer 40 (FIG. 2) is illustrated. A 
transceiver plug 1 42 contains an optic transmitter and an 
optic receiver for communicating with receiver 110 and 
transmitter 108 in FIG. 4. The corresponding signals are 
coupled via cable 144 which may comprise an electrical 
or fiber optic cable. Plug 142 is received within slot 116 
and may be located in place to provide information to 
control module 12, and/or receive data therefrom. The 
same plug can be utilized for interchanging information 
with transmitter 118 and receiver 120 in a measurement 
module 14. 

Considering overall operation of the present inven- 
tion, initial program information is downloaded from com- 
mand computer 40 via transceiver plug 142 whereby 
memory 58 receives a program containing desired 
measurement sequences. Microprocessor 54 by way of 
the optic links provided by fibers 62. 68, 76, 78, etc. 
addresses and directs the various measurement mod- 
ules 14, 16. etc. via their local microcontrollers to under- 
take continuous or periodic measurements. Such data 
may be directly accessed by processor 54 in module 12 
or temporarily stored in microcontroller 98 and then 
accessed by microprocessor 54 for storage in memory 
58 so that it may be retrieved at a later time by the com- 
mand computer, after the process in question has been 
completed, for analysis and display on the display mon- 
itor 44. As hereinbefore mentioned, the information may 
be read out to computer 40 by means of transceiver plug 
142 from module 12, with module 12 removed or still 
engaged to the product. The various measurement mod- 
ules are capable of operating substantially independ- 
ently for periods of time. The fiber optic members 62. 68, 
76, 78, etc. are suitably aligned as shown, although other 
physical configurations are possible. 

Optic communication links are employed throughout 
the chain of modules and are preferred since they are 
less likely to be deleteriously affected by their environ- 
ment. Placement of fiber optic interfaces at the bottoms 
of sockets 72, 74, etc, provides some protection and free- 
dom from contamination. Limited information can be 
reloaded/retrieved directly from the measurement mod- 
ules with the transceiver plug aligned with fibers 1 22 and 
124, if desired, instead of as shown in FIG. 5. 
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Many examples of processes to which the present 
invention is applicable can be given. The logging appa- 
ratus 10 is appropriate for attaching to the chassis of an 
automobile or large vehicle being manufactured for log- 
ging data during both a manufacture and testing cycle. 5 
On the other hand, the apparatus may be attached to a 
small printed circuit board or the like undergoing a flow 
soldering procedure, or the apparatus may be sub- 
mersed, with a product in a bath or acid etch. Other harsh 
environments within which the present invention is useful to 
include high temperature processing wherein the logging 
apparatus may be attached to a product receiving oven 
treatment, e.g. a product requiring a baked-on finish. In 
addition to products specifically undergoing manufactur- 
ing, the present invention is applicable to any unit the 75 
history of which is desired during its life, use or move- 
ment. Thus, the present invention is applicable for attach- 
ment to boxes of produce being shipped from place to 
place for providing a record of factors such as tempera- 
ture and gaseous concentration. 2 o 

Although the measurement and control modules 
have hereinbefore been described as formed of metal, 
plastic, ceramic or the like, it can be advantageous to 
form the exterior enclosure of each module from an elas- 
tomeric material so the module can be closely adhered 25 
as by an adhesive substance to an irregular or curved 
surface: The communication channel between modules 
can be formed of flexible, flat conductor cables or flexible 
fiber optic links appropriately joining spaced modules 
and provided with sealable connecting means at the 30 
module end walls. 

While preferred embodiments of the present inven- 
tion have been shown and described, it will be apparent 
to those skilled in the art that many other changes and 
modifications may be made without departing from the 35 
invention in its broader aspects. The appended claims 
ar therefore intended to cover all such changes and 
modifications as fall within the true spirit and scope of 
the invention. 

40 

Claims 

1 - Apparatus for logging parameters to which a mova- 
ble unit in a process environment is subjected, said 
apparatus comprising: 45 

a plurality of separable modules including at 
least one measurement module provided with sen- 
sor means for measuring an environmental param- 
eter, and at least one control module for operating 
said measurement module; so 

said control module including microproces- 
sor means for programming a measurement 
sequence and having memory means for storing 
instructions and measured data; 

means for removably attaching said meas- 55 
urement and control modules physically to said unit 
for movement with said unit; and 

linking means positioned in communicating 
relation between said measurement and control 



modules when said modules are physically attached 
to said unit for transmitting instructions from said 
control module to said measurement module in 
order to direct measurement of said parameters and 
for returning data from said measurement module to 
said control modul for storage in said memory 
means. 

2. The apparatus according to claim 1 wherein said 
measurement and control modules are removably 
attached to one another. 

3. The apparatus according to claim 2 wherein said 
modules are attached to one another in serial, in- 
line relation. 

4. The apparatus according to claim 1 wherein said 
linking means comprise optical communicating 
means. 

5. The apparatus according to claim 1 wherein each 
module is provided with an independent power 
source. 

6. The apparatus according to claim 1 comprising one 
said control module and a plurality of said measure- 
ment modules controlled by said control module. 

7. The apparatus according to claim 6 wherein said 
linking means comprise optic communicating 
means and wherein said modules are disposed seri- 
ally in-line having said optic communicating means 
extending through intermediately placed modules in 
an in-line configuration. 

8. The apparatus according to claim 7 including plural 
prongs extending from ones of said modules for 
making physical connection with sockets in an 
adjoining module. 

9. The apparatus according to claim 8 wherein said 
optic communicating means comprise fiber optic 
means disposed substantially coaxially within said 
prongs and sockets, providing communication at an 
interface between a fiber optic member extended to 
an end of a said prong and an aligned fiber optic 
member at the base of a said socket. 

1 0. The apparatus according to claim 1 further including 
an external command computer for programming a 
said control module, including detachable interface 
means for removably connecting said control mod- 
ule to said external command computer. 

11. The apparatus according to claim 10 wherein said 
external command computer is provided with a dis- 
play and an input keyboard. 
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12. The apparatus according to claim 10 wherein said 
detachable interface means comprises a demount- 
able optic link. 

13. The apparatus according to claim 12 wherein said 5 
demountable optic link comprises an optic trans- 
ceiver plug connected to said command computer 
and wherein said control module is provided with a 
socket in the form of a slot for removably receiving 
said plug, said control module providing an optic to 
interface with said plug at said slot. 

14. The apparatus according to claim 1 wherein said 
modules are formed of material substantially imper- 
vious to said environment. is 



15. The apparatus according to claim 1 wherein a said 
sensor means is provided at least in part internally 
of the corresponding measurement module. 

16. The apparatus according to claim 1 wherein a said 
sensor means is provided externally of the corre- 
sponding measurement module, and further includ- 
ing means for connecting said sensor means to the 
said measurement module. 

17. A method of logging parameters to which a movable 
unit is subjected in a process environment, said 
method comprising: 

attaching at least one measurement module 
and at least one control module to said unit for mov- 
ing through said process with said unit, 

taking measurements with said at least one 
measurement module under the direction of the said 
at least one control module, and 

returning measurement data as taken by said 
at least one measurement module for storage in said 
at least one control module. 

18. The method according to claim 17 further including 
subsequently retrieving measurement data as 
stored in said at least one control module for external 
use. 

19. The method according to claim 17 including trans- 
mitting data and control information optically. 

20. The method according to claim 17 including physi- 
cally attaching said modules to one another. 

21. The method according to claim 20 comprising 
attaching said modules together in an in-line config- 
uration. 

22. Apparatus for logging parameters to which a unit is 
subjected in a process environment, said apparatus 
comprising: 

at least one measurement module removably 
attached to said unit, 



a control module removably attached to said 
unit adapted for directing operation of said measure- 
ment module and for receiving measurement data 
from said measurement module, 

said control module having memory means 
for storing said measurement data received from 
said measurement module, and 

external command computer means includ- 
ing means detachably connectable to said control 
module for operating said control module and 
receiving measurement data from said memory 
means. 

23. The apparatus according to claim 22 wherein said 
measurement and control modules are removably 
attached to one another physically. 



24. The apparatus according to claim 22 including optic 
linking means for communicating between said 

20 measurement and control modules, and between 
said control module and said external command 
computer means. 

25. The apparatus according to claim 22 wherein said 
25 modules attached to said unit are disposed physi- 
cally in-line. 

26. The apparatus according to claim 22 wherein said 
modules are sealingly enclosed and formed of mate- 

30 rials substantially impervious to said environment. 

27. The apparatus according to claim 26 including optic 
linking means for communicating between said 
modules without compromising the sealing enclo- 

35 sure of said modules. 

28. Apparatus for logging environmental parameters to 
which a unit may be exposed, said apparatus com- 
prising: 

40 measurement and control means removably 

attachable to said unit so as to be adapted for move- 
ment with said unit, 

said control means including storage means 
for storing measurements taken by said measure- 

45 ment means under control of said control means, 
and 

external readout means separate from said 
unit and from said measurement and control means 
for receiving data as stored in said storage means. 

50 

29. The apparatus according to claim 28 wherein said 
measurement means and control means are formed 
of materials substantially impervious to the unit's 
environment. 

55 

30. The apparatus according to claim 29 including optic 
means for communicating between said measure- 
ment, control and readout means. 
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31. A method of measuring variations in at least one 
parameter to which a unit is subjected while moving 
relative to a varying process environment, the 
method comprising mounting a test device for move- 
ment with the unit, the test device including at least 5 
a first means for measuring said parameter and a 
second means for logging the measurements for 
subsequent downloading to a readout means. 

10 
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